However, in the last three years there has been a noticeable departure from this status, with a considerable effort going into studies of high-intensity solid state lasers and their application in the beam matter interaction problems. As a result of this, three groups are now generating ruby laser work at the Lebedev.
Basov's Group
Basov's group is vigorously pursuing its research dealing with the generation of plasma by a giant-pulse laser focused on a solid target. In this connection, the group is interested in the generation of ultrashort (picosecond) optical pulses in two-component systems consisting of an amplifying medium (ruby) and a saturable absorber (dye). In 1968, Letokhov published several papers on the dynamics 7 8 9 of pulse shortening in such a system. ' > The more recent spectral studies examine the fluctuations of the multimode ruby laser radiation (input) propagated through such a system and the occurrence of highintensity spikes in the output after multipass propagation through 1 the absorber (kryptocyanine).
'
The experiments point to the fact that a two-component system can indeed be used to transform fluctuating multimode noise into mode-locked ultrashort pulses. The authors claim that in principle, single ultrashort pulses can be obtained from a high-intensity noncoherent super-radiant radiation using these methods.
Prokhorov's Group
In what appears to have been an effort totally independent of the Letokhov studies, Academician Prokhorov was the first to generate ultrashort pulses in a mode-locked ring ruby laser with a saturable absorber. Writing at the time when Nd-glass and Nd-garnet mode--12 locked lasers (pulse duration 2x10 sec) were already in operation in the West, Prokhorov obtained a train of 10 mode-locked pulses, -11 9 each with duration of ~ 0.9x10 sec and peak power of 2.5x10 w.
The divergence of his mode-locked laser was 3 arc min. Malyshev is also trying to clean up the output of a ruby laser.
His theoretical and experimental studies, in collaboration with
Markin and Sychev, are programmed to look at the spectral and temporal characteristics of free-running ruby (and Nd-glass) lasers. '
Their earlier studies with passively Q-switched and single-spike free-running lasers showed that the structure and width of spectra are determined to a great extent by mode discrimination by the various 2 | i^r.«*« ,¥•-»' -• BH 4, elements of a cavity.
They have also proposed a ruby laser cavity 4 without a mode discrimination.
This has led them to look more recently at a multi-spike free-running laser, disallowing for mode discrimination in the cavity which tends to camouflage other effects.
Their results appear to be useful in the study of relaxation process in the active medium which govern the kinetics of generation spectrum.
In order to optimize the rod lengths of the oscillator and amplifier sections of a solid state laser amplifier, Karlov and Konev have made calculations for two cases of homogeneously and nonhomogeneously-broadened laser lines. They found that for a given L (length of active medium) and &l « 1 (where ß are the distributed losses and I is the length of amplifier), the separation into the oscillator and amplifier sections is desirable in the case of homogeneous broadening of the laser line and is not in the case of inhomogeneously broadened lines. Where ßL » 1, both methods yield the same results in either case of broadening. Their analysis also showed that the improvement of spatial and spectral emission characteristics of high-power lasers by means of single-mode oscillators which are used in conjunction with power amplifiers, did not decrease the output power.
Galanin's Group
Th"? mode discrimination in a ruby laser cavity was also the subject of experimental studies carried out by members of a group headed by M.D. Galanin. Through 1967, this group was primarily interested in 4 the kinetics of giant-pulse ruby lasers and in nonlinear optics. Korobkin and Shchelev showed that the best mode discrimination could be achieved if one of the resonator mirrors were replaced by an 18 active F^bry Perot interferometer.
In 1965, Veduta observed that the laser rod continues to heat up even after the end of the pumping pulse, and this changes the optical properties of the rod (ZhETF 48, 1965, 87) . A more recent study carried out on ruby (and Nd-glass) rods under anisotropic pumping conditions (2 lamps) shows that the heating is due to infrared mmmmmmmm^M radiation emitted by the flash lamp shortly before and after the end of the pumping pulse (for 1.5 to 150 [Jsec).
This effect was observed for water-or air-cooled rods except for rubies with leucosapphire jackets whose absorption bands are outside the pumping range. The study shows that the most intense heating in the rod occurs in the plane of the two flashlamps and the least, in the upper and lower edges of the rod cross section.
The temperature and energy distribution in air-cooled polished cylindrical ruby rods under Isotropie pumping were also studied by 20 Veduta.
Disallowing for losses, he had calculated the maximum possible generation energy and rod effectiveness and showed, expermentally, the effectiveness of an illuminator used in conjunction with a spiral 1FK-1500 flashlamp. Veduta's results show that due to the excited state absorption in the UV region the temperature of the upper rod layer 0.1-mm thick increases by 25 .
The degradation of ruby-laser output energy as a result of color 21 center production was shown recently by CM. Stickley of their interest is the modulation of ruby laser radiation. In this connection, they have performed experiments to achieve single pulse generation of a Q-switched ruby laser in which power limitations are overcome not by increasing the speed of a rotating prism but by the introduction of additional total-internal-reflection plates into the 25 cavity.
They first established the relationships between the prism rotation speed, the (minimal) number of reflections at the plates, the polarization of light, the losses and other factors in order to ensure maximum power extraction and single pulse operation. These relationships were then verified experimentally using a ruby laser with a prism 4 rotating at 3-6x10 rpm and plates having 4 and 8 reflections. The results show that the first-pulse energy is nearly doubled by introduction of a multiple-reflection plate, but is still approximately one half of the value attainable with instantaneous Q-switching.
The generation of micro-and nanosecond pulses in a ruby laser by jneans of novel Q-switching techniques, is another area of the group's in nitrobenzene) and a simple pulse system with a laser-fired discharger in order to be able to Q-switch precisely at the generation maximum for the most efficient energy extraction. With this system (60-cm cavity and a 7x80 mm ruby rod) he obtained a 3.5-nanosec ~ 5-Mw pulses.
An improvement of gain effectiveness of weak (less than 0.5j) optical signals was investigated by Balashov and Berenberg theoreti-28 cally and experimentally in terms of a more complete utilization of the excitation energy by way of increasing the length of the signal path in the amplifying medium. The theoretical paper provides relationships between the input and output signal energies in the absence of losses for a single-pass regenerative amplifier and a double-pass amplifier. The results indicate that a two-pass amplifier is considerably more effective than the present-day single-pass TW and regenerative amplifiers. However, losses tend to make two-pass amplifiers less 6 eff tive for large signals. The experiments verify that the maximum energy extraction from a two-pass amplifier occurred at 0.1 -0.2 j input signals when nearly all of the energy in a fully-pumped rod was extracted. Greater than 30-fold gain was observed for a 0.025J input signal (~ 10-fold single-pass gain) in a 10x120 mm ruby with 30-mm long sapphire end pieces which was pumpted by a 7x120 mm ruby laser oscillator. The oscillator and amplifier rods were placed ~ 40 cm apart and the spatial separation of the two opposed beams in the amplifier rod was accomplished by tilting the latter by an angle of ~ 30 arc min.
The maximum beam displacement of the return signal in the amplifier rod with respect to the forward pass was ~ 1.5 mm. Practically all of the rod volume was filled with the signal and the energy losses due to lateral extraction were less than 30%.
The third aspect of ruby laser research in the Yermakov group are the experimental studies of active rod deformation due to heating and 20 the means of its prevention.
It was shown that a nonsymmetrical mctalic heat sink attached to not more than 25% of the rod lateral surface provides an effective cooling for a laser operating in a single-pulse regime with a repetition frequency not greater than 3-5 sec when the amount of heat through the sink is 10-50 w and the therm«! deformation of the rod between pulses is negligible.
Mak's Group
The emission spectrum of a ruby laser is characterized normally by three regimes: chaotic spikes, a smooth pulse, and periodic pulsao tions. In all three, the spectrum is comparatively wide (0.02 -1A)
and in the case of pulsed operation its stability is normally low.
While studying the spectrum kinetics of a ruby laser with plane and concentric resonators, Mak and Sedov claim to have observed a new -40 generation regime characterized by high monochromaticity (AX m 5x10 A) and laser frequency stability. The remarkable feature of this regime is the independence of the laser wavelength from the temperature changes (AT « 4 -5 0 C) in the active medium and the corresponding thermal deformation of the resonator. The frequency stabilization effect was observed in a ruby with a sapphire jacket placed inside a resonator.
A jacketless ruby continued to generate a high monochromatic output, although not without a certain frequency drift. A similar effect was observed in sapphire-clad rubies whose ends formed the resonator cavity.
In this case, however, the laser frequency remained stable during periods not longer than 100-200 Msec. In between these, the frequency follows essentially the temperature drift of the fluorescence line. Ageyeva has also carried out measurements to establish the dependence of the degree of polarization of light propagated through a (synthetic) ruby crystal on the losses due to small-angle scattering.
The degree of polarization is a useful parameter in determining the optical quality of a crystal. The measurement of this parameter is considered useful insofar as it reveals two basic rules for ruby crystals:
(1) for each individual polarization incident on a crystal the degree of polarization decreases from sample to sample with increasing losses due to small-angle scattering, and (2) 
Stepanov's Group
The de facto leader of this group appears to be A.M. Samson whose 1966 studies of amplified fluorescence in ruby (and glass) rods and other loss-mechanism studies, have established him firmly as one of 4 the leading experts in the optimal laser design at Minsk.
Samson's one order of magnitude in the process of pulse formation from nuise. Subsequ~nt development 0f the giant pulse under the generation conditions leads to even greater narrowing of the spectrum.
Chekalinskaya used wave optics to calculate the frequencies and the loss coefficients of axial modes for a ruby amplifier consisting of two rods in series and operatinq in the stationary regime.~0 Unlike in the earlier works of Birnbaum (J.Appl.Phys. 34, 1963, 3414; 37, 1966, 531) , her calculations allow for '-"ave interference in the intermediary layer and place no restrictions on the magnitude of loss coefficients. Particular attGntion is paid to two specific cases: a symmetrical laser (b0th rods ltave identical lengths and reflection coefficients of output ends) and an asy~netrical laser (lengths identical, one rod end fully reflective). Tl~ study proceeds from a derivation of an equation for the stationary generation of the composite system when the lasing condition is satisfied for the intermediate layer between the rods. Calculations by means of this equation show that the loss coefficient of a composite laser is the same for all the natural frequencies and is determined only by the reflection coefficient at the output faces of the composite system. The presence of the intermediate layer has no effect on the radiation loss, and the laser frequencies depend on the optical lengths of the active ' medium and the intermediate layer, and also on the change of phase upon reflection from the output face. The average number of modes generated by a symmetrical laser in a certain interval is approximately equal to the number of modes of a simple laser having an optical length equal to the total optical length of a composite laser. Calculation 0f the frequency characteristics of the asymmetrical laser and of the generation threshold shows that, unlike in a symmetrical laser, each natural frequency has its own loss coefficient. An exception is the case when the change of phase on the reflecting face equals an even number of periods, in which case the loss coefficient of the asymmetrical laser is the same for all frequencies and depends neither on the reflection coefficient of the intermediate layer nor on its optical length. The mode sel~ction is determined by the frequency dependence The results indicate that the frequency dependence of gain is most noticeable near the generation threshold at small input signals. As the intensity of the input signal increases, the gain decreases and the gain line shape broadens. If the single-pass gain in the active -1/2 medium is greater than r 2 f (where r 2 is the coefficient of reflection at the output end) then the gain at the natural frequencies in an amplifier with feedback is a maximum; however, if such a condition is not satisfied, the gain is a minimum. The gain of a single-pass amplifier is always maximum at the natural frequencies and is independent of the amplitude of the input signal. Boyko has also carried out an experiment (which he claims to be the first of its kind) of the effect of a magnetic field on the absorption spectrum of a ruby in the R-line region at the room tem-51 peracure.
The study has established that at the temperature of The results indicate that for a given intensity of the pump signal, the generation and pump signal spectra are identical.
The same authors have also described a method for the stabiliza- The main intent of this work was to observe changes in the field pattern of a single-mode pulse from a ruby laser which was amplified in a TW ruby laser amplifier. The input signal was an 8-ns 0.02-j pulse with a width of 0.8 mm. The near field pattern showed that the initially circular input beam was distorted into an elliptical cross-section with the axes ratio being dependent on the magnitude of inversion and determined by the geometry of the pump system and ruby crystal. The far field structure also had axes oriented like those of the near field pattern but not perpendicular as might be expected. This is due to thermal distortion of the crystal input force, which is maximum in the direction perpendicular to the plane of incidence. The divergence measured along the minor a is was 0.62
x 10~ rad at the 0.5 level, while in the perpendicular direction, 12 x 10~ rad, i.e., nearly three times greater than the diffraction limit. With an 0.8-mm diameter input beam and 1300-i pump energy, the amplifier gain was 3.2. When the input was expanded to a b-mm diameter so as to use more of the amplifier rod cross-section, the gain increased to 7. The near-field expansion and the decreasing divergence were attributed to the gain saturation at high radiation n intensities (output energy density ~ 4j/cm'").
A rigorous solution of a ruby laser problem which allows for changes in the population and field along the resonator length, was He also showed that the dependence of damping on the excitation diffusion is stronger than the dependence on spectral width. In the physical sense, the damping is due to the fact that in relaxation modes only those excited active centers take part which are located near the intensity maxima of the longi- 
